The effect of copper and zinc on cultivable soil fungi populations was investigated in a laboratory experiment. Samples of four different soils (arable sandy soil and loam clay; forest sandy soil and forest peat) were collected from sites located in Vilnius district, Lithuania. Metals' effect was elaborated by addition of metal salts (CuSO 4 and ZnSO 4 ) at appropriate concentrations into the growth medium (Czapek's agar) and evaluating culmedium (Czapek's agar) and evaluating cultivable fungi abundance and species diversity changes. Zinc or copper salt was added to the medium after its sterilization; zinc concentration varied from 0.05 to 0.20 M (by 0.05 M concentration range) and copper concentration -from 0.5 to 3.0 mM (by 0.15 mM concentration range). At elevated metal salt concentrations, the abundance of cultivable fungi decreased with a marked elimination of some fungi species as compared with a control medium (without metal addition) fungi cultures. Irrespective of a fungi community structure in different type soils, Cu was a stronger inhibitor of soil fungi population abundance than Zn, however, both metals showed a comparable effect on the fungi species diversity. The most resistant fungi belonged to common insect pathogens (Beuveria bassiana, Metarhizium anisopliae, Lecanicillium lecanii and Isaria spp.), which dominated comprising up to 90% of all recovered from the soils isolates, due to the metal salt concentration.
INTRODUCTION
Soil plays an important role as a reservoir of insect-pathogenic fungi, and several species of insect-pathogenic fungi are frequently recorded in cultivated soil worldwide. Fungi from the genera Beuveria Vuill., Metarhizium Sorokin, Paecilomyces Bainier and Verticillium Nees are the most common (Keller, Zimmermann, 1989 ; Klingen, Haukeland, 2006) . However, other fungal species, including opportunistic pathogens as well as secondary colonizers, can also greatly affect the dynamics of insect population thriving in soil habitat (Gunde-Cimerman et al., 1998; Ali-Shtayeh et al., 2002; Sun, Liu, 2008) . There is evidence that soil pollution with heavy metals can inhibit or kill these fungi. During our earlier investigations of fungal communities in heavy metal-polluted soils a particular heavy metal-resistance of some genera which traditionally are classified as entomopathogenic (Pečiulytė, 2001 ; Pečiulytė, Dirginčiutė-Volodkienė, 2010; Dirginčiutė-Volodkienė, Pečiulytė, 2011) was noticed. This suggested setting a hypothesis that methods used for the isolation of heavy metal-resistant fungi can be also used for the isolation of insect pathogenic fungi thriving in the soil habitat. The aim of this study was to investigate an impact of increasing zinc and copper concentrations on soil
Soil chemical analysis
Analyses were conducted at the laboratory of Institute of Botany of the Nature Research Centre (Vilnius, Lithuania). Soil pH was determined in 1 M KCl extraction -50 ml of 1 M KCl solution was added to 10 g of soil (six replicates), stirred for 1 hour, left to settle for 30 min and then determined with a pH electrode -WTW 526/538 pH Meter (Germany) (ISO 10390:1994) . The concentration of nitrogen and phosphorus was determined with the SPECOL 11 (Carl Zeiss, Jena, Germany) spectrophotometer, potassium with the flame photometer type Flapho 41 after digestion of a dry soil sample with a mixture of HNO 3 and HCl (1:3, v/v). Total concentrations of Zn and Cu in the soils were analysed using extraction of trace elements in aqua regia method (ISO 11466:1994) by electrothermal atomic absorption spectrometry (EAAS) using a Perkin Elmer Zeeman 3030 spectrophotometer. Soil samples for organic matter (OM) content analyses were sieved (2 mm) to remove plant residues and were disaggregated with pestle and mortar. OM content was calculated as the percentage loss of soil weight, after ignition at 550 °C for 4 hours (Howard and Howard, 1990 ). Soil dry matter was determined by the loss of weight after overnight drying at 105 °C.
All laboratory analyses for geochemical composition of soil were done in four replicates. Soil samples were sieved through a 1-mm sieve. The analytic (<1 mm) part was powdered. Particle size distribution was analysed following a pipette method (Gee and Bauder, 1986) . Analysis based on the separation of the mineral soil into various size fractions was only applied to the fine-earth (<2.0 mm) fraction. The procedure involves dispersion, separation of fractions, and determination of sand fractions by dry sieving and determination of silt and clay fractions by pipette analysis (ISRIC FAO, 1995) .
Isolation of fungi
Fungi were isolated using a soil dilution method. Isolations were made on Czapek's agar (CA) medium, composed of (g l -1 ): NaNO 3 -2.0, KH 2 PO 4 -1.0, MgSO 4 · 7H 2 O -0.5, KCl -0.5, FeSO 4 · 7H 2 O -0.01, glucose -20.0, agar -20.0 (pH after sterilization -6.8) and malt extract agar (2% MEA, Liofilchim, Italy) medium. Chloramphenicol (0.05%) was added to inhibit bacterial growth. The quantification of fungi in soil was carried out by plate counts on different media. Subsamples (10 g ) of the soil were diluted 10-fold with sterile saline (0.7% NaCl) and gently agitated for 10 min. Serial dilutions (1:10) with sterile saline were used to prepare 10 -2 , 10 -3 and 10 -4 soil suspensions. Petri dishes were filled with 100 μL of the appropriate dilution (five replicates each), flooded with 20 ml either of CA and MEA medium of almost 40 °C and incubated at 25 °C. Colonia were counted daily, from day 2 to day 7. Dry weights of samples were used to calculate the actual dilutions.
To test the effects of copper and zinc on the cultivable fungal populations, the media were amended with copper or zinc sulphate. Stock solutions of salts were prepared in distilled and deionised water and filter sterilized. Metal salt was added into the media after their sterilization, pH was adjusted to 6. -2 and 10 -3 dilutions (five replicates each). Colonies were counted after 2-5 days of incubation at 25 °C. The total number of cultivable fungi was expressed as colony forming units (CFU) per gram of dry weight soil. All experiments were conducted in three replicates. The effects of Cu and Zn on soil fungi were evaluated by the tolerance level of the community in the laboratory experiment. The tolerance level (CL 50 ), the heavy metal concentration in growth medium where a fungal CFU decreased to 50% of that in metal unsupplemented medium, was determined for each soil sample and mean semi-lethal concentrations (CL 50 ) for the total investigation were calculated.
Identification of fungi
After isolation and quantification of cultivable fungi, the plates were further incubated in darkness for 10-15 days, and fungi were identified accordingly to general methodological recommendations and fungal classification principles. The inoculums from the emerging fungal colonies grown on the two culture media were transferred to the potato dextrose agar (PDA, Liofilchem, ITALY) slants and maintained at 4 °C until identification. Various selective media: PDA, Sabouroud agar (SA, Liofilchem, ITA-LY), Czapek Dox agar (CDA, Liofilchem, ITALY), malt extract agar medium (MEA, Liofilchem, ITA-LY), and Czapek yeast autolysate (CYA, Liofilchem, ITALY) were used for sub-culturing and identification of fungi. All non-sporulating isolates were also grown on water agar (agar 20 g, water 1 000 ml) in an attempt to obtain sporulation. Taxonomic identification was based on morphological characteristics of fungal isolates (shape and size of spores and sporogeneous apparatus) examined with light microscopy. Basic identification keys described in the following books (Ellis, 1971; Watanabe, 1994; Domsch et al., 2007; Kiffer, Morelet, 1999) were used. Genus Isaria was identified as assigned following Sung et al. (2007) and Zimmermann (2008) . All names of species are cited according to the database of Kirk et al. (2008) . The procedure of the fungal isolation and identification was conducted for each soil type, metal salt and concentration.
Statistical analysis
Data of soil chemical properties and cultivable on the appropriate medium fungal populations were systematised and statistically processed through standard analysis of variance (ANOVA). To test for differences between means and LSD-test of significance level was used. The statistical reliability of data was assessed by the absolute limit of least essential difference (P < 0.05).
Mean values of the total number of CFU g -1 soil and standard deviation was calculated for each soil type, each metal tested and metal salt concentration (n = 15 for each metal-resistance treatment). Percentage of each species in the total number of the fungi isolated either on the control medium, medium amended with zinc or copper sulfate at appropriate concentration was calculated. Shannon-Weiner index (H' ) was calculated to evaluate the fungus species diversity in the populations grown on the control and zinc-or copper-amended media (Magurran, 1988) :
where S is the number of CFU and P i = N i /N is the proportion of total samples belonging to the ith CFU. The H' value varies between 0 and log 2 S and is an information content of relevant sample. The value of H' close to 0 indicates a low diversity, whereas a value close to log 2 S indicates a high diversity. Sørensen's index of similarity (S' ) was plotted to evaluate the impact of different concentrations of ZnSO 4 and CuSO 4 on the species diversity of the cultivable soil fungi. The value of S' close to 0 indicates a low similarity, whereas a value close to 1 indicates a high similarity (Krebs, 1989) :
where S' is Sørensen's index of similarity, a and b are numbers of species in community a and b, respectively, and c is the number of species found in both communities a and b.
RESULTS

Soil characteristics and chemical properties
The main soil properties are shown in Table 1 .
In southeastern Lithuania, soils are glacio-fluvial Arenosols, Abeluvisols and Luvisols (ISSS-IS-RIC -FAO, 1998). Albeluvisols predominate on soil parent materials of light texture and here distinct erosion processes are prevalent (Buivydaitė and Vaičys, 1996) . Prevailing soil texture in arable and deciduous forest horizon is sandy loam, and in subsoil -sand or sandy loam. In places small fields of agriculture land of forests are Podzols (PD) or Dystric Albeluvisols (ABd). The arable sandy loam (ASL) soil of the present study was characterized by high P content (520.4 ± 0.4 mg kg -1 soil), medium K content (143.4 ± 12.8 mg kg -1 soil), and low OM content (range: 0.88-0.99%). The granulometric distribution of the ASL by mass was mainly dominated by the sand fraction (range: 51.7-81.3%), with a sandy loam texture. Percentage of silt and clay fractions ranged from 21.3% to 33.5% and from 4.0 to 8.2%, respectively. Total content of nitrogen varied between 0.31% and 0.53%, and soil pH values -from 4.8 to 5.6.
In contrast, the arable loam-clay (ALC) was characterized by low P content (85.75 ± 6.14 mg kg Zn-resistant fungi isolated from the four types of studied soil also varied due to the soil type and metal concentration. The fractions of metal tolerant fungi in the plates with different CuSO 4 and ZnSO 4 concentrations are presented in Fig. 2 . At low Zn and Cu concentrations in the medium (0.01-0.075vM and 0.1-1.5 mM, respectively), significantly different numbers of the fungal CFUs were determined for both arable (ASL and ALC) and forest soils (P < 0.05), while the numbers determined for ASL and CFPS samples did not differ. These two soils distinguished by the comparable abundance of the cultivable fungi on the control medium ( Fig. 1 ) and on the metal-amended media ( Fig. 2 A, B) . Differences in the abundance of metal-tolerant fungi decreased with the increasing metals (Zn and Cu) concentrations in the isolation medium. Despite these differences, percentage of the metal-tolerant isolates was comparable for all soil types (Fig. 2C, D) . A large fraction of cultivable fungi was able to tolerate 0.25 mM Cu and 0.025 M Zn concentrations in the agar media which were several fold higher than the highest content of Cu (11.4 50 ) for all soil types in the present experiment varied from 0.088 M to 0.15 M (Table 2) , and only small portion (9%) of the fungi tolerated 0.2 M ZnSO 4 concentration (Fig. 2 C) .
Traditionally, copper was a stronger fungusinhibitor than zinc, thus notably lower CuSO 4 concentrations were required to reach semi-lethal effects. In the present study, CL 50 of copper sulphate depended on the soil type and varied from 2.01 mM to 2.65 mM CuSO 4 concentration in the isolation medium. The highest CL 50 (2.65 mM CuSO 4 ) was determined for the fungi from ALC soil. Irrespective of the soil type, the percentage of fungi tolerant to 3 mM CuSO 4 concentration remained ≤33%.
Taxonomic distribution
The cultivable on the agar media fungal isolates from four types of soil were assigned to 56 species from Zygomycota (9 species), teleomorphic Ascomycota (1 species), anamorphic (asexual) Ascomycota (45 species), Basidiomycota (1 species), and 3 sterile mycelium forms ( Table 3) .
The dominant group of cultivable fungi in all soils was mitosporic fungi, represented by Ascomycetes in their anamorphic state and members of Deuteromycota (fungi imperfecti) phylum, which do not have a sexual state or this state has not been discovered. Mitosporic fungi comprised 76.3, 83.3, 72.7 and 61.1% of all strains isolated from ASL, ALC, DFSS and CFPS, respectively (Table 3 ). Accordingly to their abundance among all isolates, the second group of the fungi was ascribed to the phylum Zygomycota. In different soil types, this group comprised from 13.3 to 18.4% of the total number of isolated fungi. Only one species (namely, Chaetomium globosum) belonging to the phylum Ascomycota was isolated from the forest soils (DFSS and CFPS) and one species (Wallemia sebi) of the phylum Basidiomycota was isolated from the ASL. The fungal cultivable populations of four different soils contained 3.3-11.1% cultures which did not sporulate (sterile mycelium).
Diversity of fungal populations
Diversity of fungi cultivable on control medium. In total, 56 isolated species from different type soils belonged to 31 genera; the most common were Penicillium Link (9 species Trichoderma Pers. and Mucor P. Micheli ex L. (3 species each), Cladosporium Link, Cunninghamella Matr., Isaria Pers., and Mortierella Coem. (2 species each), followed by other 11 genera (1 species each) ( Table 4) .
The highest diversity of fungal species was determined in ALC (38 species from 25 genera) and DFSS (33 species from 25 genera), followed by ALC (30 species from 22 genera) and CFPS (18 species from 12 genera). It should be noted that species richness and total number of isolated CFU g -1 soil were not dependent parameters; correlation coefficients between these two parameters were very low (r s = 0.20 and -0.31 for control and Zn-amended isolation medium, respectively), except a negative correlation (r s = -0.63) determined between the population abundance and species diversity in the Cu-amended media, however, this correlation was statistically insignificant (P = 0.37). The number of species isolated from CFPS was the lowest (18 species), despite of the highest number of the isolated from this soil fungal CFU g -1 (113.71 × 10 3 CFU g -1 ). Three of 18 species, Aureobasidium pullulants, Wallemia sebi and Zygorhynchus moelleri, were isolated only from samples of this soil. Complex of the cultivable on CA medium fungi differed due to the soil type, particularly the complex of the fungi isolated from CFSS sites' soil. This complex can be characterized by the high abundance of some fungal species (8 from 33 species) specific to this soil type. Each of these 8 species belongs to different genera (Table 4).
Consequently, the fungal species richness and community composition depended on selected for the investigation soil type, varying between localities. Zinc-and copper-resistant fungi. In total, 18 species belonging to 15 genera were isolated from four types of soil when the medium was amended with 0.126 M zinc sulphate (concentration corresponded mean CL 50 of zinc sulphate for all soil types) ( Table 5) .
Som8e fungal isolates (comprising from 1.6 to 13.0% of the number of all analyzed morphotypes) did not sporulate even after they were sub-cultured on the media without Zn additions. The highest number of zinc-resistant species (H' = 2.14) was isolated from ALC (10 species), 1.23 2.14 1.25 0.55 * Percent of fungus species isolates in the total number of isolates (total number of colony forming units, CFU) ± SD (standard deviation). ** Isolates which did not sporulate after sub-culturing on the media without metal addition.
followed by ASL and DFSS (7 species) (H' = 1.23 and 1.25, respectively). The lowest and very poor species diversity of the zinc-resistant fungi was determined in the peaty forest soil (DFSS; 4 species) (H' = 0.55). The highest diversity (H' = 2.14) ( Table 5 ) in contrast to the lowest total number (11.89 × 10 3 CFU g -1 ) (Fig. 1 ) of the zinc-resistant fungi was determined in the ALC samples with the clear dominance of B. bassiana (25.1% of the total number of CFU). Four fungal species from the eleven isolated from this soil type at 0.126 M zinc sulphate concentration in the medium can be identified as opportunistic entomopathogens. In addition to B. bassiana, fungi Isaria farinosa (syn. P. farinosus) (4.7%), L. lecani (3.5%), and Isaria fumosorosea (syn. P. fumosoroseus) (2.9%) were also observed in Zn-resistant fungal populations. Fungi communities of the ASL soils were second in accordance with the diversity of zincresistant species (H' = 1.23). Three of the seven Zn-resistant species isolated from ASL soil were also ascribed to the group of possible opportunistic entomopathogens: I. farinosa (14.0%), I. fumosorosea (14.0%) and B. bassiana (1.6%). The highest percentage of zinc-resistant entomopathogenic fungi was determined in the DFSS. Four Zn-resistant fungus species dominated in Zn-resistant fungi populations and three of them were entomopathogenic species: high percentage (48.2%) fungus Metarhizium anisopliae, followed by I. farinosa (8.6%), and I. fumosorosea (3.4%). A high percentage of Clonostachys rosea f. rosea (32.0%) was determined in this soil, too. Complexes of the fungal species isolated from the CFPS differed from those of other soils: complexes were poor (H' = 0.55), composed of four fungal species. Aspergillus fumigatus was conspicuous by its abundance (82.2%) and dominance among the Zn-resistant isolates. It is noteworthy that Zygorhynchus moeleri also tolerated CL 50 Zn concentration and was isolated only from CFPS samples. Two species, Clonostachys rosea f. rosea and M. alpina, as well as some non-sporulating morphotypes were distinguished by their occurrence among Zn-resistant fungi (Table 5) .
A higher species diversity in the Cu-amended medium (at CL 50 of CuSO 4 ) than in the Zn-amended medium (at CL 50 of ZnSO 4 ) was observed in the present investigation. Fungal species able to tolerate copper sulphate at CL 50 = 2.26 mM concentration are presented in Table 6 .
In total, 17 species belonging to 16 genera and a few morphotypes of melanised sterile mycelium were isolated on the Cu-amended medium. The highest diversity of Cu-resistant species (13 species each) was determined in both DFSS (H' = 2.19) and ALC (H' = 2.28), followed by ASL (10 species) and CFPS (6 species) with H' = 1.82 and H' = 1.59, respectively. Three well known entomopathogenic species, B. bassiana, M. anisopliae and I. fumosorosea, were the most common among the Cu-resistant fungi, followed by Paecilomyces lilacinus. They comprised 68% and 56% of the total number of fungi isolated from DFSS and ASL soil types, respectively. The highest species diversity determined on the control medium for ASL soil (38 species) ( Table 4 ) was highly reduced under copper impact (Table 6 ). Only 10 of 38 species were able to resist CL 50 copper sulphate concentration. Two of them, M. anisopliae, and I. fumosorosea, common entomopathogenic species comprised 5.1% and 15.3% of the total number of isolates, respectively. From thirteen Cu-resistant fungal species isolated from ALC site soil, four species, as in case with Zn-amendments, can be identified as opportunistic entomopathogens; they were B. bassiana, M. anisopliae, 
Similarity of fungi populations
Different impact of zinc and copper due to their concentration levels on the fungal communities was determined. To emphasize these affects, undamaged fungal populations (control medium cultures) were compared with those impacted by different ZnSO 4 and CuSO 4 concentrations; Søren-sen's similarity indices (S′) were calculated and are presented in Table 7 .
As disclosed by Sørensen's similarity indices, increased ZnSO 4 concentrations in the isolation medium from 0.025 to 0.20 M reduced the diversity of cultivable fungi differently: Sørensen's indices ranged from 1 in all investigated soil types to 0.10 in ASL, to 0.11 and to 0.18 in DFSS and CFPS, respectively, and to 0.38 in ALC. The sharp decrease of the diversity of fungal species isolated from the ASL and DFSS was observed at the ZnSO 4 concentrations varying between 0.05 and 0.10 M, in CFPS -between 0.10 and 0.15 M, whereas numbers of species isolated from ALC decreased gradually with the increase of Zn concentrations (Table 7) .
Binary similarity between the CuSO 4 affected (at concentrations 0.25-3 mM) and the control fungal populations ranged from 1 for all investigated soil types to 0.19 for ASL and CFPS, and to 0.30 and 0.23 for DFSS and ALC, respectively. The sharp decrease of fungus diversity was determined at CuSO 4 concentrations varying between 1 and 2 mM for all soils investigated.
Total percentage of metal-resistant entomopathogenic fungi
In the present investigation, fungal isolates belonging to the species of B. bassiana, M. anisopliae, L. lecani, I. farinosa and C. rosea were considered as entomopathogenic. Because of a marked dominance of the fungi assigned to that group among zinc and copper resistant fungi, total percentage in these fungi among Cu and Zn-resistant isolates (Fig. 3) . Fraction of the cultivable on the control medium entomopathogens comprised 9.5% of all isolated from ALC soil fungi and that percent increased up to 77.4% under the impact of the highest (0.2 M) ZnSO 4 concentration. The poorer in the abundance of entomopathogenic fungi was ASL soil, in which the numbers of CFUs comprised only 4.7% of the total number of the control isolates, but this number sharply increased under zinc impact -their percent reached 98.5% of all isolated fungi at 0.2 M ZnSO 4 concentration in the medium. Fungal composition of the CFPS was surprisingly significantly distinguishing by the absence of entomopathogenic fungi in the control and Zn-amended plate cultures (Fig. 3 ).
During the current study, copper also induced some dominance of the entomopathogenic fungi, but in lower degree compared to zinc (Fig. 4) .
The highest percentage of the entomopathogenic fungi was determined for DFSS (82.8% of the total number of CFU) under the impact of 3 mM CuSO 4 . It is noteworthy that, as in the treatment with Zn-amended media, entomopathogenic fungi were not isolated at low (0.25 mM) copper sulphate concentrations. However, at elevated copper concentration in the medium (at interval from 0.5 mM to 3.0 mM) the portion of the entomopathogens in the total number of Cu-resistant isolates increased up to 75.2%. A low percentage of the isolated from ASL and ALC soils entomopathogenic fungi in the control medium also increased under copper sulphate impact. 2008) also referred that the combined approach of using DGGE and cloning / sequencing to examine differences in soil fungal communities was not proved a useful method primarily due to the similarities in DGGE profiles between different samples and the fact that the identification of many of the sequenced bands remained unresolved because of their relatively low match with reference database sequences. M-TRFLP method has the ability to analyse several groups of microbial taxa simultaneously (Singh et al., 2006) and has recently been used to investigate the effects of Zn and Cu rich sludge on various groups of soil microbial taxa (Anderson, Parkin, 2008; Macdonald et al., 2011) . As it has been referred, the observed decrease in 16:1 ω5c in the zinc-amended soils may reflect a part of the arbuscular mycorrhizal fungi to elevated heavy metal concentrations (Kelly et al., 1999) , however, there is also evidence that 16:1 ω5c can be found in some groups of bacteria (Olsson et al., 1997) .
We concentrated on a simpler but more timeconsuming method -soil fungi community analysis by dilution plate method. This paper reports on laboratory studies of the effect of heavy metals (Cu and Zn) added in the medium on the cultivable fungi from different soil types. Most of the soil fungi belonging to classes Zygomycetes and Deuteromycetes are very common in various agricultural and forest soils (Domsch et al., 2007) . The soil dilution plate method used in the current study is a suitable method for isolating fungi of these two classes as it supports releasing and mixing of numerous spores produced by the fungi into the diluted soil suspensions. A reason that may explain why only four fungi of the class Ascomycetes and only one fungus of the class Basidiomycetes were obtained in the present study is that the suitable methods for their isolation were not used, namely, soil-streaming for Ascomycetes isolation (Warcup, 1951) or washing of organic particles from soil and plating on a medium with lignin, quaiacol, and benomyl, which reduce mould growth and allow detection of Basidiomycetes (Thorn et al., 1996) . The list of soil fungi in Table 3 may be an underestimation of the total number of species in the soil of four types, because only one isolation method was used. However, soil dilution plate method is the simplest, as well as the most judicious, method by which soil fungi assemblages may be screened .
Results of the laboratory experiment also cannot reflect the actual affects of the elevated Cu and Zn concentrations on the fungal communities under field conditions, however, some predictions can be available. Reactions of the fungi to Zn and Cu impact as well as changes in soil fungus communities depending on metal pollution must be interesting to mycologist. Soil fungi represent one of the essential components of the biotic system in natural forests, pastures, grassland and agriculture fields where they are key players in nutrient turnover (Hackl et al., 2005) . Entomopathogenic fungi are a separate group, playing a key role in regulation of insect populations, particularly soildwelling insect pests (Keller, Zimmermann, 1989; Jackson et al., 2000) . Many species belonging to Hypocreales (Ascomycota) inhabit the soil for a significant part of their life when they are outside of their insect host. Soil is a net sink for many pollutants (such as heavy metals), and the functioning of the overall-terrestrial ecosystem is dependent on soil processes (Tscherko et al., 2007) . In Lithuania, the content of Zn and Cu in the land soils remains at a background level and only in some areas the content of these most harmful soil pollutants, arising mainly from repeated applications of sewage sludge, municipal wastes and animal slurries, and impurities in fertilizers are recorded as elevated as compared with their content in the background (Kadūnas et al., 1999) . Results of the present investigation (Table 1 ) have revealed that none of the soil samples from 12 studied sites had zinc and copper contents exceeding the background concentrations and permissible for our country concentrations (Lithuanian Standard of Hygiene HN60: 2004). It was not expected to obtain statistically significant correlations between the abundance of soil fungi (or species diversity) and the contents of Zn and Cu in the soil studied. No significant correlation between fungal parameters and metal (Zn or Cu) content in soil, as well as their correlation versus the main soil chemical parameters (not presented) were obtained. On the other hand, it is known that both taxonomic and functional diversities of the soil fungi are considered to be highly dependent on water availability, temperature regime, organic matter content, and is closely associated with distribution of plant litter (Zak et al., 2003; Grishkan, Nevo, 2010) . The results presented by Zak et al. (2003) demonstrated that plant diversity impacted ecosystem processes by modifying the composition and function of heterotrophic fungal communities in soil. Marfenina et al. (2001) indicated that cultural layers of soils showed higher fungus species diversity and more diverse morphology in comparison with surrounding soils. In the present study, the arable fields (ASL and ALC) were after the vegetative growth of the winter wheat, while forest areas were occupied by deciduous forest stands with dominant tree species Fraxinus excelsior L., Populus tremula L., Betula pendula Roth., a few stands of Picea abies L. H. Karst, Pinus sylvestris L., Quercus robur L, and major species of bushes: Juniperus communis L., Frangula alnus Mill., Sorbus aucuparia L., and Padus avium Mill. The second, peaty forest site, was occupied by Norway spruce (Picea abies [L.] Karst.); mosses and lichens comprised the ground layer. A suggestion could be that in the present investigation basic soil parameters as well as vegetation were more essential factors influencing soil fungal communities. Forest stand, underground vegetation as well as plant rotation could influence the composition of soil communities in a specific way (Grishkan, Nevo, 2010) .
Despite the absence of the correlations between the fungal parameters, different reactions of the fungi from different soil types have been noticeable during the present investigation. Soil fungal communities are comprised of species with different degree of tolerance to any environmental stress (Rajapaksha, 2011) . Elevated heavy metal concentrations in soil are one of such stress factors exerting a selection pressure on soil microorganisms (Gadd, 1993; Bååth et al., 1998; Pnnanen et al., 1996a, b; Zafar et al., 2007) . Both Zn and Cu are essential elements, although an excess of these metals is toxic for cells and causes metabolic damage: Zn may be less toxic but generally in soils it is present in higher concentrations (Gadd, 1993) . The affect of Cu is hundredfold higher than the inhibiting effect of Zn (Barajas-Aceves et al., 1999). Heavy metal affects on soil fungal communities depend on the area management. The agricultural management practices lead to changes in soil pH, which may have the greatest effect on soil biology and functions important to plant and ecosystem health as well as on soil fungus community structure. In Lithuania, acidification of agricultural soils is prevalent and characteristic across the country (Buivydaitė, Vaičys, 1996) . It has been noted that phosphorous fertilizers produced from apatite (or from phosphate) introduce a particularly abundant association of chemical compounds (among them Zn and Cu) as soil admixtures (Todorova, Dombalov, 1995) . Fuller (1977) in discussing the relatively high mobility of heavy metals with regard to pH considered that in acid soils (pH 4.2-6.6) Zn is highly mobile and Cu practically immobile; in neutral to alkaline (pH 6.7-7.8), Zn is moderately mobile. Abundance of cultivable fungi in the soil of the present study negatively correlated with soil pH, however, correlations were not significant (r s = -0.8 at P = 0.2). During the present investigation, the pH in soils studied varied from 3.8 to 6.3 ( Table 1) . Out of 72 soil samples analysed, only eighteen (all from CFPS) showed pH values below 3.8. The highest organic matter content (~45.3%) was in the CFPS, however, traditionally in peaty soil pH is low (in our case 3.8). The complex of those two parameters induced the development of a different fungal community than in other soils studied (Table 4) . Positive correlation between the OMC and contents of Zn and Cu in the soil was determined (r s = 0.78, at P < 0.04), however, none of these soil parameters statistically significantly correlated with the abundance and composition of fungal populations of cultivable fungi, as well as with the Zn-or Cu-tolerant fungal complexes.
During this study all metal-tolerance experiments were done under the laboratory conditions investigating complexes of cultivable fungi able to tolerate elevated concentrations of Cu and Zn in the nutritional medium. To obtain more comprehensive data, we selected different land areas varying in the soil texture, structure and management (Table 1) . Firstly, we tried to evaluate the effects of Cu and Zn on soil fungi by the tolerance level of the community in the laboratory experiment. The tolerance level (CL 50 ) is the heavy metal concentration in growth media where a fungal colony forming unit (CFU) decreases to 50% of that in metal unsupplemented media. A low CL 50 value of a fungal community means that metal-sensitive fungi are dominant and that the community is affected at low metal levels. In the present study, this method has an advantage -it is uniformly adaptable to a variety of soil fungal communities which are examined under the same conditions. (Table 4) despite of different abundance of fungi in four types of soil (Fig. 1) . Although the total numbers of isolated fungi and the numbers of metal-resistant fungi did not statistically correlate with the contents of Cu and Zn in the soil, the level of tolerance in accordance with species composition was different depending on the soil type. Fungal populations from different soil types developing at semi-lethal Cu and Zn sulphate salt doses (2.26 mM and 0.126 M, respectively) were analysed to disclose the complexes of metal-tolerant fungi. A large fraction of cultivable fungi was able to tolerate 0.89 mM Cu 2+ (~57 mg Cu 2+ kg -1 soil) and 0.05 M Zn 2+ (~3 270 mg Zn 2+ kg -1 soil) ( Table 2) concentrations in the agar media, which are several fold higher than the highest total Cu (11.4 mg kg -1 ) and Zn (39.9 mg kg -1 ) content found in the soils studied (Table 1) . Far higher copper concentrations such as 300 mg l -1 Cu (~5 mM) and less concentrations of Zn -450 mg l -1 Zn (~7 mM) in the culture medium were tolerated by the soil fungi during a study conducted by Rajapaksha (2011) ; these metal concentrations were also several fold higher than the highest total Cu (101 mg kg -1 ) and Zn (169 mg kg -1 ) found in the soils investigated. Huysman et al. (1994) suggested that neither metal tolerant populations nor determined Cu CL 20 for soil fungi can correlate with the extractable Cu fractions implying that the in situ metal concentrations are below the threshold level that would induce metal tolerance in the fungal community. In their study, the diversity of cultivable fungi also indicated that there was no difference in the predominant metal tolerant fungi between virgin and cultivated soils in contrast to the findings of Yamamoto et al. (1985) . Huysman et al. (1994) suggested that total Cu content of 30 mg g -1 soil was not high enough to induce metal tolerance in fungi. With reference to Rajapaksha (2011) , five soils studied by Huysman et al. (1994) which contained DTPA-extractable Cu concentrations in the range of 36-57 mg Cu kg -1 soil may have increased the metal tolerance in fungi to some extent though these changes were not reflected in the CL 20 values analysed. Although the concentration of Zn used in this study was higher than that in the study conducted by Rajapaksha (2011) , and the concentration of Cu was lower than used by Rajapaksha (2011) and comparable with that used in the study conducted by Huysman et al. (1994) the main trends of the soil fungi reactions to Zn and Cu stress were comparable. El-Sharouny et al. (1988) amended soil with zinc and copper and determined changes of the soil fungi composition on Czapek's glucose agar at intervals up to 15 weeks. The authors suggest that when heavy metals were incorporated into the isolation medium, they depressed the total count of fungi and affected individual species. During the present study we observed comparable reactions of soil fungi. Most studies were related with the effect of heavy metals on soil fungi in field conditions (e. g. Bååth, 1989 It was observed that during the cultivation of fungi on the media amended with copper or zinc a longer lag period was required for the development of metal tolerance. The degree of metal tolerance depended on fungus species and their isolates. In metal-amended media, some fungal isolates started their growth on the first day of cultivation, others -only after 57 days. Another question arising from the data of the present investigation is that in some portion of the soil fungi could grow better at higher heavy metal concentrations than at lower (results not presented). Comparable results were obtained by Yamamoto et al. (1985) in the study of Cu-impact to the soil fungus community; exposure to 1 600 μg Cu g -1 soil resulted in tolerance development for 1 000 μg Cu l -1 within a week but for concentration ranging from 10 to 100 μg Cu l -1 it took about five months. Particular reactions of different saprotrophic fungal groups (saprothrops and pathogens) were observed in the present investigation. There are fungi that have an intrinsically high resistance against heavy metals or that give rise to mutants capable of tolerating high metal concentrations (Zimmerman and Wolf, 2002) . These strains, however, often show poor sorption properties since they accumulate far lower amounts of metal than sensitive strains. Apparently the most common entomopathogenic fungi which dominated metal-resistant fungal populations during the present investigation act by this principle: they do not accumulate metals in their biomass but rather bind them outside the cells. Accumulation of copper sulphate and formation of zinc crystals in the nutrient medium with metals were observed during the present investigation (data not presented) and are documented by Fomina and Pb 2+ ions. On the other hand, fungal species known as metal accumulators (species belonging to genera Rhizopus, Mucor, Aspergillus as well as Trichoderma) were eliminated from the soil fungi populations at low Cu or Zn concentrations in the laboratory experiment of this study.
CONCLUSIONS
In summary, changes in copper and zinc sulphate concentrations in the nutrient media had an effect on the abundance and diversity of cultivable soil fungi in the laboratory experiment. It was shown that zinc and copper influenced fungal populations differently, apparently due to the fact that each of them exerts selection pressure for soil fungi with specific properties. Intermediate concentrations of these metals seem to enhance abundance and diversity of fungal populations. At elevated metal concentrations in the medium the abundance of cultivable fungi decreased with marked elimination of some fungus species from populations. The reactions of the fungal communities from different soil types suggested that there is no general resistance of the total community but rather resistance of particular species. Furthermore, entomopathogenic fungi distinguished by their tolerance to Zn and Cu even at high concentrations of metals in the medium, at which most species of the cultivable on the control medium fungi were inhibited completely. Among the Zn-and Cu-tolerant fungi dominated common soil entomopathogens Beauveria bassiana, Lecanicillium lecanii, Metarhizium anisopliae, Isaria farinosa (syn. Paecilomyces farinosus), and I. fumosorosea (syn. P. fumosoroseus). Some other species such as Fusarium solani, Clonostahys rosea f. rosea and Aspergillus fumigatus which recently were proved as insect pathogens were also metal-resistant. Such metalresistance peculiarities of entomopathogenic fungi may be explored for the search of virulent strains to be applied as biopesticides. We presume that these results can also reflect tolerance of the fungal communities and populations in the soil.
